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Abstract
Background: This metaanalysis aimed to compare
endoscopic linear stapling and loop ligatures used to
secure the base of the appendix.
Methods: Randomized controlled trials on appendix
stump closure during laparoscopic appendectomy were
systematically searched and critically appraised. The
results in terms of complication rates, operating time,
and hospital stay were pooled by standard metaanalytic
techniques.
Results: Data on 427 patients from four studies were
included. The operative time was 9 min longer when
loops were used (p = 0.04). Superficial wound infec-
tions (odds ratio [OR], 0.21; 95% confidence interval
(CI), 0.06–0.71; p = 0.01) and postoperative ileus (OR,
0.36; 95% CI, 0.14–0.89; p = 0.03) were significantly
less frequent when the appendix stump was secured with
staples instead of loops. Of 10 intraoperative ruptures
of the appendix, 7 occurred in loop-treated patients
(p = 0.46). Hospital stay and frequency of postopera-
tive intraabdominal abscess also were comparable in
loop-treated and staple-treated patients.
Conclusions: The clinical evidence on stump closure
methods in laparoscopic appendectomy favors the rou-
tine use of endoscopic staplers.
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Laparoscopic appendectomy (LA) is progressively ac-
cepted as the treatment of choice for acute appendicitis.
Numerous randomized trials and metaanalyses have
shown less postoperative pain, reduced wound infec-
tions, faster recovery, and shorter hospital stay after
laparoscopic appendectomy [2, 7, 10, 19, 21, 22, 27].
Although the surgical technique of laparoscopic
appendectomy has been well established, controversy
exists regarding closure of the appendiceal stump. In the
early days of LA, the stump was closed with preknotted
loops (Roeder loops or endoloops) [1, 8, 26]. After the
introduction of laparoscopic linear staplers, it became
‘‘en vogue’’ to apply these in LA, particularly for
difficult cases such as perforation at the appendiceal
base [4, 5, 11]. Currently, some authors advise the rou-
tine use of linear staplers during LA to avoid leakage
from the appendiceal stump [24].
Findings have shown both techniques to be safe, but
both entail potential drawbacks. Linear staplers are
expensive and require a 12-mm port for their introduc-
tion. Leaving metal staples on the stump and in the
abdominal cavity can cause adhesion-related short bo-
wel obstruction or formation of pseudopolyps in the
cecum [15, 16, 20].
On the other hand, loops are associated with more
manipulation of the stump. Moreover, they can slip,
which can potentially lead to more postoperative infec-
tions. Loops are not safe for closure of the cecum when
the base of the appendix is perforated if the inflamma-
tion of the appendix has involved the cecum as well [18].
If loops are too tight, they also can cut into the tissue or
cause local necrosis, predisposing to stump leakage.
Complications attributable to stump closure are
rare, which means that large studies are required to
show the superiority of either method. Pooling data
from the literature is potentially helpful in overcoming
this sample size problem [23]. This study aimed to
determine the optimal technique for securing the
appendiceal stump in LA using data available in the
current literature.
Materials and methods
For this study, only the data of patients who underwent laparoscopic
surgery were assessed. All randomized controlled trials comparingCorrespondence to: G. Kazemier
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different closing techniques of the appendiceal stump during laparo-
scopic appendectomy for acute appendicitis were included. Trials that
allocated patients depending on the availability of staff or instruments
were excluded. The aims of the surgical interventions under investi-
gation were to remove an inflamed or uninflamed appendix and to
close the appendiceal stump with stapler or loops. The methods used to
achieve these aims were LA with stapler and LA with loops.
To be as comprehensive as possible, the following search strategies
were used to identify all relevant studies regardless of language after
the year 1983. The Cochrane Library (Version IV/2004), Medline,
Embase, SciSearch, and Biosis were searched electronically. All sear-
ches were repeated until January 31, 2005. Reference lists were
checked, and authors of relevant articles and known international
experts in the field of laparoscopic surgery were contacted to obtain
information on any past, present, or future studies. Abstracts pre-
sented to the international scientific societies with a focus on endo-
scopic surgery were searched for by hand, and the authors were asked
to provide full information on their study.
All studies were assessed by two reviewers (K.H.H. and S.S.), who
checked the main criteria of the study design and analysis, the method
of randomization and allocation concealment, the blinding of outcome
assessment, and how the study dealt with protocol violations. These
three aspects of quality were scored using a scale of 0 to 2, as proposed
by Jadad et al. [9].
For dichotomous variables, risk differences with their 95% confi-
dence intervals (CI) were calculated. Because the study dealt with rare
events, the Peto odds ratio (OR) also was calculated. For continuous
variables, means with their corresponding standard deviations (SDs)
are generally needed to calculate the mean differences and 95% con-
fidence intervals. If a study did not report the SD for a mean value, we
estimated the SD to be equal to the mean. The effect measures were
pooled within a random effects model. Heterogeneity was quantified by
the I2 statistics, which range from 0% (no heterogeneity) to 100%
(maximum heterogeneity).
Results
The five studies included in the review contributed to the
results in the following way. One study compared dou-
ble and single loops at the base of the appendix [3],
without showing major differences. The patients from
this study were not included in the final analysis. Four
studies compared LA using staplers and LA using loops
[12, 14, 17, 25]. Three of these studies had a three-armed
design randomizing patients to laparoscopic appendec-
tomy with loops, staplers, or a third procedure. The
third procedure was open appendectomy [17], extra-
corporeal stump ligation [25], or additional sinking of
the appendix stump [12]. One trial was performed with
children [25].
The quality of all the included studies was moderate
to poor (Table 1). Typical shortcomings were a lack of
blinding and various types of protocol violations, which
made complete intention-to-treat analysis impossible.
No study described the actual accrual rate of patients
with suspected acute appendicitis during the study per-
iod, nor did any include a longer follow-up period to
detect intraabdominal adhesions and similar problems.
Table 2 summarizes the therapeutic effects from the
four aforementioned studies. The findings based on 427
patients show that the operative time was 9 min shorter
(p = 0.04) if a stapler was used. The results on operative
time, however, were heterogeneous (I2 = 73%). Rup-
ture of the appendix occurred with similar frequency in
the two groups (p = 0.46). Figure 1 shows that wound
infections were significantly less likely if a stapler was
used (OR, 0.21; 95% CI, 0.06–0.71; p = 0.01). Figure 2
shows that postoperative ileus was significantly
less common in the staple group (OR, 0.36; 95% CI,
0.14–0.89; p = 0.03). Both outcomes were homoge-
neous. Intraabdominal abscesses were seen at similar
rates in the two groups (OR, 0.62; 95% CI, 0.20–1.94).
The hospital stay was apparently unaffected by the
stump closure technique. However, the results on hos-
pital stay were heterogeneous (I2 = 67%). No study
assessed costs in detail.
Discussion
Reduction of surgical trauma and prevention of post-
operative morbidity are the pillars to the provision of
patient safety. The laparoscopic approach to appendi-
citis has improved the outcome of appendectomy, but
requires laparoscopic skills of the surgical team [22].
Appendectomy is performed by surgical teams with
varying experience in laparoscopic surgery. The routine
use of staplers to secure the appendiceal stump during
laparoscopic appendectomy can contribute to a reduc-
tion in the complexity of the procedure. This was con-
firmed by the current study, which showed a decrease in
operating time when the appendiceal stump was closed
with a stapling device. The 9-min reduction in operating
time in the staple group almost compensated for the
average 12 min longer operating time for laparoscopic
appendectomy, as compared with the open approach
[22].
This study also shows that the routine use of staplers
contributes to patient safety. It reduces the number of
wound infections and the frequency of postoperative
ileus. However, the clinical impact from wound infec-
Table 1. Quality assessment of the included studiesa
Author, year
Concealment of
random allocation
Blinding of patients or
study staff Intention-to-treat-analysis Total score (0–6)
Ortega et al., 1995 [17] 2 Telephone randomizations 2 Patients and nurses blinded 0 Five crossover patientsb 4
Klima et al., 1998 [12, 13] 1 Methods unclear 0 No blinding mentioned 1 No conversions mentioned 2
Lange et al., 1993 [14] 1 Methods unclear 0 No blinding mentioned 0 Methods unclear, abstract only 1
Shalaby et al., 2001 [25] 2 Envelope randomizationc 0 No blinding 1 No conversions mentioned 3
Beldi et al., 2004 [3] 0 Quasi-randomization 0 No blinding 0 Over 20% excluded 0
a According to Jadad et al. [9]
b For five patients assigned to stapled appendectomy, the stapler was unavailable. These cases were treated using loops and analyzed within the
loop group
c Personal written communication with Dr. Rafik Yousef Shalaby (October 2001)
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Table 2. Results of randomized controlled trials comparing loop ligature and stapling used to secure the basis of the appendiceal stump
Author, year Treatment groups (n)
Operative
time
(min)
Intraoperative
rupture
of appendix
Intraabdominal
abscesses
Superficial
wound
infection
Postoperative
ileus
Length of
hospital
stay (days)
Lange et al., Endoloopa (n = 50) 57.3b NA 7/50 4.5b
1993 [14] Stapler (n = 50) 48.7b NA 6/50 3.7b
Ortega et al.,
1995 [17]
Two endoloopsc
(n = 84)
68 ± 25 4/89 4/89 4/89 14/89 2.98 ± 2.7
Staplerc (n= 83) 66 ± 24 2/78 2/78 0/78 5/78 2.16 ± 3.2
Klima et al.,
1998 [12]
Two endoloops
with stump
sinking (n = 50)
59b 1/50 0/50 1/50 0/50 NA
Two endoloops
without stump
sinking (n = 50)
54b 2/50 4/50 2/50 1/50 NA
Stapler (n = 50) 48.5b 1/50 2/50 1/50 0/50 NA
Shalaby et al.,
2001 [25]
Endoloopa (n = 40) 38.5 ± 4.4 NA 1/40 3/40 1/40 1.48 ± 0.68
Stapler (n = 60) 23.9 ± 3.0 NA 0/60 0/60 0/60 1.73 ± 0.80
Metaanalysis:
OR (95% CI)
)9 min
(0 to )18)
0.61
(0.17–2.22)
0.62
(0.20–1.94)
0.21
(0.06–0.71)
0.36
(0.14–0.89)
)0.3 days
()1.2–0.6)
NA, not available; OR, odds ratio; CI, confidence interval
a The trials do not make clear whether one or two loops were applied
b Data on standard deviation are not reported. Standard deviation was estimated as equal to the reported mean
c In five patients assigned to stapled appendectomy, the stapler was unavailable. These cases were treated using loops and analyzed within the loop
group
Study  Stapler  Loops  Peto OR
or sub-category  n/N  n/N  95% CI
 Ortega 1995        0/78               4/89
 Klima 1998        1/50               3/100
 Shalaby 2001               0/60               3/40        
Total (95% CI) 188                229
Total events: 1 (Stapler), 10 (Loops)
Test for heterogeneity: Chi² = 2.02, df = 2 (P = 0.36), I² = 1.0%
Test for overall effect: Z = 2.50 (P = 0.01)
 0.01  0.1  1  10  100
 Favours stapler  Favours loops
Fig. 1. Superficial wound infection rates in randomized controlled trials comparing loop ligature and stapling used to secure the base of the
appendiceal stump.
Study  Stapler  Loops  Peto OR
or sub-category  n/N  n/N  95% CI
 Ortega 1995                5/78              14/89        
 Klima 1998                 0/50               1/100       
 Shalaby 2001               0/60               1/40        
Total (95% CI) 188                229
Total events: 5 (Stapler), 16 (Loops)
Test for heterogeneity: Chi² = 0.62, df = 2 (P = 0.73), I² = 0%
Test for overall effect: Z = 2.22 (P = 0.03)
 0.01  0.1  1  10  100
 Favours stapler  Favours loops
Fig. 2. Postoperative ileus rates in randomized controlled trials comparing loop ligature and stapling used to secure the base of the appendiceal
stump.
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tions of trocar wounds 1 cm or less in diameter should
not be overestimated.
Optimization of the technique applied to close the
appendiceal stump with loops was not the subject of this
trial. However, techniques of loop placement play an
important role in the final performance of this closure
technique. One concern with the use of a loop is partial
transsection of the stump followed by leakage. Tighten-
ing the loop knot with due force requires experience,
particularly when the stump of the appendix is fragile, as
in cases of severe or long-standing inflammation. Place-
ment of two loops on the appendiceal stump to provide
more secure closure of the appendiceal stump has been
suggested, although this will not avoid transsection
per se [6]. Oversewing of the appendiceal stump possibly
prevents complications, but requires considerable
expertise in laparoscopic suturing techniques [12]. The
observation that the numbers of intraabdominal ab-
scesses were comparable in the two groups and that the
hospital stays did not differ can possibly be attributed to
the sample size in this study, although all currently
available data from the literature were pooled.
If staplers were as cheap as loops, the routine use of
staplers in laparoscopic appendectomy would arguably
be the better option. However, considerable differences
in costs between the two methods exist. In the European
Union, a 300-e increase in direct costs is to be expected
for every laparoscopic appendectomy. This represents
more than half of the total costs for operating material
(550 e).
Further studies are necessary to establish the costs of
abdominal infections and postoperative ileus after
appendectomy. Consequently, a future comparative trial
should assess all types of local infection as the primary
outcome measure. According to current data, superficial
infection occurs in 3.5% and intraabdominal infection in
1.5% of cases. Because some of the trials used a stapler
whereas others excluded perforated cases, the true
infection rate probably amounts to about 8%. Thus, the
trial to test the hypothesis that the routine use of staplers
to secure the appendiceal stump reduces this 8% rate to
4% would require 600 patients per group. Until such a
trial is completed, the routine use of staplers during
laparoscopic appendectomy appears to be preferable,
but at high direct costs.
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